ABSTRACT
INTRODUCTION

30
This work is part of the research activities conceived by the Geomatics Laboratory of the University 31 of Genoa to detect severe meteorological events using the remote sensing of the water vapour content 32 in the atmosphere through GNSS (Global Navigation Satellite System) signals (Bevis et al., 1992) .
33
A GIS (Geographic Information System) procedure called G4M (GNSS for Meteorology) has been 34 conceived in order to produce 2D Precipitable Water Vapour (PWV) maps with high spatial and temporal 35 resolution (Ferrando et al., 2018) . The developed procedure is able to use observations coming from 36 existing monitoring infrastructures of pressure P, temperature T and GNSS Zenith Total Delay (ZTD), 37 not necessarily co-located and distributed over an orographically complex area. In G4M procedure, the 38 orographic effect influencing PWV maps is reduced by means of a time differentiation of PWV maps with 39 respect to a calm period, meaning a period of quiet before a storm, thus with the realization of ∆PWV 40 maps. Furthermore an index, called Heterogeneity Index (HI), accounting the ∆PWV spatial variability,
41
has been conceived as a promising indicator to detect severe meteorological events in space and time.
42
A scheme of the G4M procedure is depicted in figure 1. The following sections describe the techniques used to download data from existing monitoring 66 infrastructures and upload them into a spatial database specifically designed; particular attention is given 67 to the Python scripts conceived to automate these processes.
68
DATA
69
The studied area covers the French-Italian neighbouring area. In this area, GNSS (ZTD data) and 70 meteorological (P and T data) stations are differently distributed. an average spacing of 30-40 km; acquisition rate is 30" in accordance to an international standard.
75
ZTD were estimated splitting the whole network in 3 sub-net according to the decreasing station age 76 (net1, net2 and net3 respectively), to obtain stable solutions. 
88
METHOD
89
The G4M procedure computes 2D PWV maps starting from 1D ZTD, P and T observations exploiting 90 open-sources software GRASS GIS 7.4. To support a near future web application of G4M, the 1D input 91 data are stored in a geodatabase, specifically designed using PostgreSQL+PostGIS geodatabase, which is 92 highly compatible with GRASS 7.4. Moreover, the procedure, originally in Fortran, has been re-written 93 in Python, a more modern programming language that has many libraries to interact with PostgreSQL,
94
GRASS and temporal series of data allowing to obtain a more automate procedure. In this section, the 95 Python scripts, conceived to automatically upload ZTD, P and T data to the geodatabase, are exposed. All 96 the scripts are available at https://github.com/gtergeomatica/G4M-data.
97
Python script for ZTD
98
ZTD data have a temporal step of 2 hours, and initially are saved into 3 different folders named net1, net2, upload all the data contained into the RENAG DB to the geodatabase, this procedure has to be executed 
136
Thus the next steps of the present work will be the adaptation of Python scripts for real time applica-137 tions and the creation of a web interface for G4M procedure, to simplify its application also for external 138 users.
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